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I. INTRODUCTION

The determination of octahydro-1l, 3, 5, 7-tetranitro-s-tetrazocine
(HMX) and hexahydro-1, 3, S5-trinitro-s-triazine (RDX) in mixtures and
especially the determination of RDX as an HMX contaminant has been a
continuing problem because of the structural similarities of the compounds.
This has been an especially important problem because it has been demon-
strated that the iTpure compounds exhibit lower thermal stability than
the pure compounds®. The structures and pertinent physical properties
of these nitramines are presented in Appendices A and B.

Due to the difficulties involved in the analyses, a variety of
techniques including wet chemical procedures and instrumental methods
have been applied to the problem with varying degrees of success. Reviews
are available which digcuss the various techniques. Recently, a gas
chromatographic method® and an infrared spectrophotometric method" were
developeg to perform the analyses. However, both procedures are only
applicable to the determination of KDX.

Within the Ballistic Research Laboratory, interest developed in
procedures to determine RDX and HMX due to the advent of low vulnerability
propellants containing these nitramines. Additionally, an on-geing
project involving thermal decomposition studies of RDX and HMX necessitated
the development of procedures to determine the purity of the parent

1. Stahls, "Report on the Basic Chemistry of RDX and a-and B-HMX and

Its Application”, (U) Defense Standards Laboratories Report 400 (Australial,
November 1970, (CONFIDENTIAL).

2H.J. Scullion, "A Survey of the Methods Available for the Analysis of

HMX/RDX Miztures", Minietry of Defense, UK Army Department, Chemical
Inspectorate Memorandum No. 169, 1365.

SEurZe F. Reese, "Resume of Analytical Methods for the Determination of

RDX and HMX 1943-1965", Picatinny Argenal Technical Report No. 3309,
December 79665. _

4Mbrtimer Sehwarta and Elisabeth A. Mark, "Quantitative Spectrophotometric
Determination of Hexahydro-1, 3, 6-Trinitro-g-Triazine in Octahydro-1,

3, &, 7-Tetranitro-s-Tetrazocine", Anal. Chem., 38, pp. 610-612, April
19686.

5M.L. Rowe, '"Determination of Hexahydro-1, 3, 6-Trinitro-g-Triasine in
Octahydro-1, 3, 6, 7-Tetranitro-s-Tetrasocine by Gas Chromatography",
J. Gas Chromatography, 5, pp. 531-632, October 1967,

6J.W. Grindlay, "Determination of Hexahydro-1, 3, 6-Trinitro-s-Triazine
(RDX) in Octahydro-1, 3, &, 7-Tetranitro-e-Tetrazocine (HMX) by Infrared
Spectrophometry”, Anal. Chem., 44, pp. 1676-1678, August 1872,
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compounds. Previous experience in the analysis of enrrgetic materials
using high performance liquid chromatogrephy (HPLC)  indicated thai these
nitramines could be separated and possibly determined in a1 straight-
forward manner. This report presents the results ottained asing an HPIC
procedure as a solution to the problem of nitramine ahalysis.

II. EXPERIMENTAL

The investigation was performed using a DuPont Model 830 Liquid
Chromatograph equipped with a fixed wavelength (254 nm) ultraviolet
detector., A Spectra Physics Minigrator monitored the outpul of the
detector and produced a printout of the retention times and peak areas.
A Micro Pak-CN column (250 mm x 2.1 mm i.d.) was used to achieve the . oy
separations. The mobile phase solvents were acetonitrile (UV), methylene
chloride, and hexane (UV) obtained from Burdick and Jackson Laboratories,

Inc.

The other important instrumental conditions are summarized below:

Mobile Phase: 30-percent CH2C12/20-percent CH3CN/50-percent hexane

Mode: Normal (constant composition)

Pressure: 2.75 MPa, 400 psig

Flow Rate: 0.5 mL/min

Temperature: Ambient (21-22°C)

Under these conditions, the separation of HMX and RDX was complete
in approximately ten minutes as shown in Figure 1. Injections were
made using a Disc Instruments sample valve which had an internal volume
of 10 uL., This valve has demonstrated a repeatability of better than
one percent relative.

Purification of HMX was achieved by repeated crystallizations from
acetone while RDX was purified by sublimation. The compounds were
considered pure when a 10 ng injection of either compound resulted in the

detection of only one peak at the highest sensitivity of the detector
(0.01 AUFS).

 mp————
e .o

?J. Omar Doali and Arpad A. Juhasaz, "High Speed Liquid Chromatographic

Separations of Thermally Labile High Energy Compounds. Part I Appli- '
eation of High Speed Liquid Chromatography to the Qualitutive Analysis

of Compounds of Propellant and Explosives Interest”, Ballistic Research

Laboratory Report No. 1644, Ballistic Research Laboratory, Aberdeen

Proving Ground, MD, April 1973. (AD #910482L)
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Figure 1. Chromatographic Separation of RDX and HMX
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Under these conditions, RDX would be detectable down to at least
3 ng while the detectable quantity of HMX would be slightly higher due
to its lower molar absorptivity. The materials which passed this quality
control procedure, were then used as standards in all of the analyses.

I11, RESULTS AND DISCUSSION

A, Limits of Quantification

Four standard solutions of RDX in acetonitrile were prepared to cover
a concentration range of 12 ng to 103 ng per 10uL. Injection of these
solutions with the detector at its highest sensitivity resulted in the
calibration curve shown in Figure 2., The curve is linear with a near
zero intercept and a correlation coefficient of 0.999. The 12-ng sample
appeared to be the lower limit of quantification due to the detector noise
at this high sensitivity: This means that the injection of a 10-ug sample
of HMX would allow the determination of RDX contamination down to approx-
imately 0.1 percent., Though 10-ug samples were chosen for this investi-
gation, there is no reason why 20-ug samples could not be used which
would increase the quantification of RDX down to approximately 0.05 percent.

The 1limit of quantification for HMX would be somewhat higher than
RDX because of its previously mentioned lower molar absorptivity.
However, the detectability of both compounds would be improved if the
analyses were performed at a shorter wavelength by using a variable
wavelength ultraviolet detector. The limiting factor would be the UV
cutoff of the methylene chloride contained in the mobile phase which
occurs at approximately 245 nm.

B, Synthetic Sample Analysis

To determine the accuracy and precision of the procedure with respect
to small quantities of RDX, a solution was prepared which contained 5.54 ug
of HMX per 10uL (99.08%) and 51.6 ng of RDX per 10uL (0.92%). Four
injections were made into the chromatograph and the resulting peak areas
compared with those resulting from the injection of RDX standards. The
percent RDX was calculated using the following expression:

W A

[ - S X .
%RDX = == * 100
S t

where W and A are the weights and peak areas respectively, the subscripts
refer to the standard (s), the '"unknown'' RDX_(x) and the total sample
weight (t). Table 1 shows the mean values (X), the sample standard
deviations (s) and the relative standard deviations resulting from the
analysis, The results indicate good accuracy for RDX with acceptable
precision for the small RDX peaks.
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Figure 2. Response of Detector to Small Quantities of RDX
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TABLE 1. RESULTS OF SYNTHETIC RDX/HMX MIXTURE ANALYSIS
RDX
% Added % Found

0.92 0.91
: 0.94
: 0.87
) 0.90
! x = 0.91
! s = 0.03
{ Rel. s = 3.2%
; C. Determination of HMX in a Propellant

i formulation PPLA 6379 which had the following nominal composition:

75% HMX

20% Cellulose Acetate
4.5% Nitrocellulose
0.5% Wax

0.3% Ethyl Centralite

1
i
|
The propellant chosen for analysis was a low vulnerability f

Four standard solutions of HMX were prepared to contain from 1.1 ug
to 6.6 ug per 10 uL. Injection of the standards in duplicate and measure-
ment of their peak areas resulted in a linear calibration curve with a
correlation coefficient of 0.999.

T A N A et

Duplicate 500-mg samples of the propellant weighed to ¢+ 0.1 mg
were placed in 1-liter volumetric flasks and filled to the mark with
1 acetonitrile. Clear solutions were obtained after the flasks sat over-
night with subsequent shaking. Injection of a sample into the chromato-
graph resulted in only one peak (HMX) eluting after the solvent front
as shown in Figure 3. Under these separation conditions, the ethyl
centralite would elute at the solvent front. Several injections were
made over a period of approximately three hours to determine if any
other peaks eluted. There was no evidence of either other peaks eluting
from the column or a change in column characteristics.,

In order to compensate for any fluctuations in flow rate, a standard
was injected prior to each unknown. Three injections of each propellant ;
solution were made and the percent HMX calculated using the same ;
expression used for the RDX determination,
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The resu s as presented in Table 2 indicate good precision and agreed
well witt the nominal HMX concentration in the propellant. The only
complications which may arise in the determination of the nitramines in
the new propellants are the variety of binders and additives used in
these formulations. Each propellant may have to be approached as a
unique problem with respect to achieving sample dissolution and possible
interferences due to other propellant ingredients.

TABLE 2. RESULTS OF PROPELLANT ANALYSIS

%HMX
74,62
76.10
74,62
73,93
74.44
75.45
74,86
0.78
1.0%

X

s

Relative s
Fortunately, during the course of the analyses, it was found tnat

the results obtained using peak heights agreed with those obtained using

peak areas, Consequently, instrumental requirements for the procedure
are simplified,

IV, CONCLUSION

The investigation demonstrates that HPLC can be successfully applied
to the quantitative determination of HMX and RDX in admixture or separately.
The purity of either compound can be determined in a straight forward
manner without complications, The procedure has been selected as a
tentative method for MIL-STD 286B, Propellants, Solid: Sampling,
Examination and Testing and MIL-STD 650, Explosives: Sampling, Inspection
and Testing, Appendix C presents the method in its MIL-STD format. The
applicability of the method to the determination of HMX in a low
vulnerability propellant has also been demonstrated. As a result, a
simple quality control procedure is available to determine both of the
compounds in the new nitramine propellants,
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4 APPENDIX A D
STRUCTURE AND PHYSICAL PROPERTIES OF HMX
- d

The following pages were copied from AMCP 706-177, Engineering 5
Design Handbook, Explosives Series, Properties of Explosives of Military ?

Interest, January 1971,
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beta-HMX (u AMCP 706-177
Compasition K, Molocular Waight (c,‘usneoe) 296
% /?\
¢ 1.2 O N=N N=NO Oxygen Balance:
C | 2 CO: % ~21.6
H 2.7 iy ?“a Cco % 0.0
N 37.9 02N~ NY N—-N02 Density: gm/cc Crysta. 1.9Q
o 43.2 Hy Melting '3!5'1‘!':9(: Capitlary method ggg
C/H Ratio 0.095 Freazing Point: °C
lmpact Sensitivity, 2 Kg Wi Boiting Paint: °C
Bureau of Mines Apparatus, cm 32
Sample Wt 20 mg Refractive Index, n2
Picatinny Arsenal Apparatus, in. 9 o
Sample Wt, mg 23 Mas
n%
Friction Pendulum Test: Vacuum Stebility Test:
Steal Shoe Explodes cc/40 Mrs, at
Fiber Shoe Unaffected 90°C
- 100°C 0.37
Rifle Buller impact Test: Triols 120°C 0.45
% . .
Explosions 135.C 6
Partials 150°C 0.62
Burnad 200 Gram Eomb Send Test:
Unaffected Sand, gm 60.4
Explosion Tempareture: °C Sensitivity to Initietion:
Seconds, 0.1 (no cap used) 380 Minimum Detonating Charge, gm
1 - Mercury Fulminote
N 327 Lead Azide 0.3
10 306 Tetryl
15 -
20 e Bellistic Mortar, % TNT!: 150
Trauzl Test, % TNT: 145
75°C internctional Heat Tast:
% Loss in 48 Hrs Plate Dent Test:
Method
100°C Heet Tost: Condition
% Loss, 15t 48 Hrx 0.05 Confined
% Loss, 2nd 48 Hrs 0.03 Density, gm/cc
Explosion in 100 Hrs None Brisance, % TNT
Detonetion Rats:
'“mmum "“"' cMﬂmm'n'
" o % Condition
ygrescoplcity:
73090, 95% RH () 0.00 Charge Diameter, in,
Velet = Density, gm/cc 1.84
eletility: Rote, meters/second 9124

RN
R Fa

16

173

At e 2L RN

e e




) S A ‘J;{’m:.":: ‘ O b IO st Ak Rt s A A X " el : ‘ :‘.‘« e T ey CRles. vm‘?ﬂm?ﬂm“a:”ﬂa'.'”_j‘ .:.:—...:.:|1l.‘.‘“m.“m““«“ S ,
4
AMCP 706-177 beta-HMX ,
{‘;.' .
i
i Boestar Seniitivity Test: Decomposition Equation: (elq 7
| Condition Oxygen, atoms/sac -’
: Tetry, (Z/sec)
. stovl, gm Heat, kilocalorie/mole 52,7
5 Wax, in. for 50% Daetonation (&M, keal/mol)
Wax, gm Temperature Range, °C aT1-314
f'} Density, gm/cc Phase Liquid
Howt of:
. Combustion, cal/gm 2362 Impact Test:
§ ‘ Explosion, cal/gm (e) 1356 60 mm Marter Projuctie:
- Gas Volumae, cc/gm S0% inert, Velocity, ft/sec
b Farmation, cal/gm (e) -60.5 Alumirum Fineness
; wl Fusion, cai/gm
, 500-ib Gensrel Purpeca Bembe;
_ Specific Haats cal/gm/°C Recrystallized (g)
}‘\ 2(_1_ f_g Plate Thickness, inchas
-75 0.153 85 0.288
9 0 0.228 90 0.290 !
by 25 0.248 100 0.295 11,
50 0.266 125 0.307 \
5 0.282 150 0.315 Y
3 1%
1 Buming Rete:
cm/sec .
% Somb Drep Test:
. Thermel Conductivity
trsecromroc T7, 2000-Ib Semi-Armen-Fiercing Bomb vs Concrote:
o
i Coafficient of Expension: Max Safe Drop,
' i Linear, %/°C 500-ib General Purpese Bomb vs Concrete:
; Volume, %/°C Height, ft
,' - ( 2 Trials
- Herdness, Mohe' Scaler e) .3 Unaffected
5%
i Young's Medulus: roer
. High Order
b E’, dynes/cm¥
' E, Ib/Inch? 1000-1b General Purposs Bemb vs Concrete:
Y Density, gm/ce
-3 Height, ft
Comprecsive Strength: b/inch? Trials
X Unaffected
T Vasor Scassure; Low Order
°C mm Mercury High Order
17 / 18
/ o
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STRUCTURE AND PHYSICAL PROPERTIES OF RDX

A The following pages were copied from AMCP 706-177, Engineering
Design Handbook, Explosives Series, Properties of Explosives of Military

Interest, January 1971.
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BE.
S
1 ~
- Cyclonite* (RDX) AMCP 706-177
Co&m: o Molacular Weight: (03}-16N606) 222
¢ 16, 0 N—-N;\l —-NO Oxygen Belonce:
3 2 2 €O, % -22
H 2.7 }‘{,2 CO% 0.0
E N 37.8 \N/ Density: gm/cc Crystal 1.82
" N
.; 0 43.2 LOQ Malting Point: °C 20k
N C/H Ratio 0,095 Freexing Points °C
§ Impact Semsitivity, 2 Ky We: Beiling Paint: °C
g Bureau of Mines Apparatus, cm 32
k. Sample Wt 20 mg Refreactiva index, n
Picatinny Arsenal Apparatus, in. 8 °
3 Sample Wt, mg 18 N
b no
b »
I3 "
i Fri Pandulum Test: Yocuum Stability Test:
ir; Steel Shoe Explodes cc/40 Hrs, at
i Fiber Shoe Unaffected 90°C
i Rifle Bullet Impact T Trial 100°¢ o7
..., “ mpact Test: rials 120°C 0.9
4 % o -
i Explosions 100 135°C
; Partials 0 150°C 2.5
Burned 0 200 Gram Bomb Sand Test:
b Unaffected 0 Sand, gm 60.2
( Explosion Temperature: °C Sensitivity to Initistion;
Seconds, 0.1 (no cop used) 1405 Minimum Detonating Charge, gm
1 316 Mercury Fulminate 0.19%
i 5 NOOJIPOBOS 260 Lead Azide 0.05%
2 10 alo Tetryl -
4 15 235 | * A)terndtive initiating charges.
¥ 20 - Balfistic Morter, % TNT: () 150
‘ Trouzl Test, % TNT:  (b) 157
g 75°C international Heat Test:
3 % Loss in 48 Hrs 0.03 Plate Dant Tost: (c)
3 100°C Heat Test: Condition Pressed
y % Loss, Ist 48 Hrs 0.0k Confined Yes
% Loss, 2nd 48 Hrs 0.00 Density, gm/cc 1.50
3 Explosion In 100 Hrs None Brisance, % TNT L3
Detonstion Rote:
i Flammebility Index: (a) 218 Confinement None
4 5 Condition Pressed
. Hnrouopluhy‘: % 25%, 100% R 0.02 Charge Diamaeter, in. 1.0
" Density, gm/cc 1.65
Y
elatility: Nl Rote, meters/second 8180

*Name given by Clarence J. Bain o7 Picatinny Arsenal. Cermans call it Hexogen; Italians.call

it Th; British, RDX.
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AMCP T06-177 Cyclonite (RDX)
Bosster Semsitivity Test: Decompasition Exwetion: (1) 18
Condition Oxygen, atoms/sec 10" >
(Z/sec)
Tetryl, gm Heat, kilocaloria/mole bt.5
Wax, in. fer 50% Detonation (aH, keal/mol)
Wax, gm Temperature Range, °C 213-299
Density, gm/ce Phase Liquid
Hout of:

Combustion, cal/gm
Explosion, cal/gm

Gas Voiume, cc/gm
Formation, cal/gm

2285
1280
908
-96

Solution, cal/mol {28-55% HN03) T.169%
*Assuming cyclonite unimolecular

Specific hest: cal/gm/*C

Armer Plote impuct Tost:
60 mee Maortar Projectile:
509% Inart, Valotity, ft/sec
Aluminum Fineress

500-1b General Purpose Rembs:

S_C_ _?Q Plate Thickness, inches
20 0.298 100 0.h06 1
ko 0.331 120 0. b2y m
60 0. 360 140 0.LU6 .
80 Q. wh l/-!
(B
Buming Rete:
cm/sec
Somb Drop Teet:
Thermal Coaductivity: (h)
cal/sec/cm/*C 1.263 6.91 x 10:11: T7, 2000-lb Semi-Armer-Plercing Somb vs Concrete:
Density, gm/ce 1.533  6.98 x 10
Coefficient of Expansion: Max Sofe Drop, ft
Linear, %/°C 500-1b General Purpose Bomb vs Concrete:
Volume, %/°C Height, ft
Trials
H.'dﬂ“.l Mohe' Scale: 2. S Unoffected
Lo
Young’s Medulus: H ‘who(:;rr
E', dynes/cm? 9
E, Ib/inch?

Density, gm/cc

Compressive Strength: Ib/inch?

Vapor Pressure;
*C mm Mercury

1000-ib General Purpose Bomb vs Concrete:

Height, ft
Trials
Unaffected
Low Order
High Order
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APPENDIX C

Procedure For the Determination of RDX and HMX in MIL-STD Format
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DISPOSITION FORM

For use of thia farm, sas AR 34018, the prepanent agensy la TAGCEN.
REFERENCE OR OFFICE SYMBOL WBIECT
DRDAR-QAR-R Report from Dr. Juhasz - Quantitative Determination of
Propellant Ingredients by High Performance Liquid
_ Chromotography (HPLC)
70 Director, PAD frRoM C, DRDAR-QAR DATE 1350 T3 W8 oy
' . Gultz/Jt/s5626

1. Per your note, dated 6 December 1978, the subject report was reviewed. "Comments,

conclusions and implementation actions'" are provided below.

2., Subject report contains test procedures (HPLC) for a number of ingredients that

are used in propellant formulations (i.e. DNT, DBP, NG, EC, etc.). These methods
have already been implemented in MII.STD-286, Propellants, Solid: Sampling, Examina-

tion and Testing.

3. Subject report also, contains test procedures (HPLC) in connection with RDX and
HMX. This Command has previously epproved these procedures for use by HOLSTON AAP
as equivalent test procedures for specification testing of Composition B, RDX and
HMX. Action has been initiated to include these procedures in MIL-STD-286 and

MIL-STD-650, Explosives: Sampling, Inspection and Testing.

L Inel -7 LEARY
Subject rpt ¢, Artillery Tank Systems Division

REAVIRT | TR v
%

Txi

o BRRASES

E R

L

A,

AL

A SR

SR Ao ot et

e

DA 1608 62

P Mgy
5

SRk R R s e

e g,

e d e SRS w it

el ilaE R

N T

by
i
s




A (AL i

Sl N e bin

Al b
ot

3.1

3.2

3.3

3.4

3.5

5.1

TR

APPENDIX C

RDX AND HMX
(LIQUID CHROMATOGRAPHIC METHOD)

SCOPE

This method may be used to determine HMX and RDX in a mixture ox
separately.

SPECIMEN

The specimen shall consist of sufficient material to give a final
concentration of 1 mg/mL of the major component in a purity
determination of either compound as a major ingredient, a final
concentration of 0.2 mg/mL to 0.8 mg/mlL is required.

APPARATUS

High pressure liquid chromatograph (DuPont 830 or equivalent equipped
with an ultraviolet detector (254 nm).

Micro Pak-CN (10 u particle size) column 250 mm x 2.1 mm i.d. (Varian
Instrument Division or equivalent).

Sample injection valve of l0-microliter volume (Disc Instruments
Model 704-4-16 or equivalent),

Volumetric flasks as required.

Volumetric pipets as required.

MATERIALS

Acetonitrile (UV) (Burdick and Jackson, Inc. or equivalent).
Methylene Chloride (Burdick and Jackson, Inc. or equivalent}.
Hexane (UV) (Burdick and Jackson, Inc. or equivalent).

HMX purified by crystallization from acetone or equivalent quality.
RDX purified by sublimation or equivalent quality.

Acetone, reagent grade or equivalent.

PROCEDURE

Instrument conditions.

5.1.1 Wave length of detector: 254 nm.

25




5.1.2
5.1.4
5.1.5
5.1.6
5.1.7
5.1.8
5.2

5.2.1
5.2.2

5.2.3

S5.2.4

< (ol st R R S

Column temperature: ambient,

Mobile phase: 30% methylene chloride/20% acetonitrile/50% Hexane.

Pressure: 2.75 MPa (400 psig).

Flow Rate: 0.5 mL/min.

Recorder Chart speed: 2,54 mm/min.

Under these conditions RDX will elute before HMX, see Figure C-1.

Sample Analysis,

All solutions shall be made using acetonitrile as the solvent.

All weighings shall be * 0.1 mg.

RDX and HMX used in preparation of standards shall exhibit only

one peak when 10 ug of each compound is injected into the

chromatograph with the ultraviolet detector at a sensitivity

of 0.01 AUFS.

Determination of RDX contaminant in HMX,

a) Prepare RDX standards in volumetric flasks to contain 1.0 mg,
0.50 mg, 0.25 mg, and 0.12 mg per 100 mL. These standards
correspond to a concentration of 1%, 0.5%, 0.25%, and 0,12%
RDX in a 10-ug sample of HMX,

b) Allow liquid chromatograph to stabilize.

c) Set ultraviolet detector to 0.01 AUFS.

d) Inject the standards (10 uL) and obtain a linear calibration
curve of peak height vs. weight of RDX,

NOTE: Once the linearity of detector response has been
determined over the concentration range of interest,
it is only necessary to run a standard prior to each
analysis.

e) Dissolve 250 mg of the HMX sample in a 250-mL volumetric
flask.

f) Inject standard solution into the chromatograph.

g) Make two 10-uL injections of the HMX solution into the
chromatograph.

h) Calculate the percent RDX(x) in the sample using the following
expression:
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Where: = weight

peak height
standard

= sample

= unknown

it

i

)
H
]
t
X

5.2.5 Determination of HMX contaminant in RDX

a) Follow procedure 5.2.4, substituting RDX for HMX and HMX
for RDX where appropriate.

5.2.6 Determination of HMX and RDX as major ingredients.

a) prepare four standard solutions of each compound to contain
0.2 mg to 0.8 mg per mL,

b) Adjust the detector attenuator so that all 10-ulL injections !
result in on-scale peaks. i

c) Obtain linear calibration curves of peak height vs. weight
of the nitramines.

d) Select weight of sample to be analyzed such that the
weights of nitramines will be within calibration range.

e) Inject standard solution.

f) Inject duplicates (10 uL) and calculate quantity of nitramine
(x) using the following expression:

Where the symbols represent the same parameters described in the previoﬁs
expression,

27

3
¥
4
Bt




RDX

HMX

DETECTOR RESPONSE

I ]
0 10

TIME (min.)

Figure c-1, Separation of HMX and RDX

Column: 250 mm x 2.7 nm i.d. Micro Pak-CN

Mobile Phase: 30% CHpC1,/20% CH3CN/hexane

Pressure: 2.75 MPa (400 psig). Flow Rate: 0.5 mL/min,
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